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(54) Accelerator pedal device 

(57) An accelerator pedal device includes: an accel- 
erator pedat (80); a reaction force application device 
(60.70.85) that applies a reaction force to the accelera- 
tor pedal (80); and a selection device (60, 73) that se- 
lects a characteristic between a first characteristic ac- 
cording to a running situation of a subject vehicle and a 
second characteristic specified regardless of the run- 



ning situation of the subject vehicle. The first character^ 
Istic and the second characteristic each is a character- 
istic indicating a relationship between an amount of 
stepping upon of the accelerator pedal (80) and the re- 
action force to be applied. The reaction force application 
device (60,70,85) applies the reaction force to the ac- 
celerator pedal (80) based upon the characteristic se- 
lected by the selection device (60,73). 
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Description 

10001] The present invention relates to an acceierator pedal device which applies reaction force to an accelerator 

mOMl in the prior art, return force was applied by a torsion spring to an accelerator pedal, and a hysteresis effect 
was generated when the accelerator pedal was stepped upon and released, so that, as a result, a des.red pedal 

S"ot"o!;rSi:fh:n"r^^^^^^^^^ Laid-open Patent Publication No. H11-78595 there is disclosed a reaction 
^e app°caln devLrso consLe^ that a reaction force which corresponds to t'^.t--^'^'^^"":^,^^^^"'^^^^^^^ 

Tnd [he re^tion force to be applied. The reaction force application device applies the reaction fo«:e to the accelerator 
pedal based upon the characteristic selected by the selection device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[O006] 

FIG. 1 is a system block diagram of a reaction force control device which comprises an accelerator pedal device 
accordlna to the preferred embodiment of the present invention. , i 

2 is a structural view of a vehicle which is equipped wfth the reaction force control device of FIG. 1 . 
FIG. S^is a f^lint «n View showing the structure of this accelerator pedal device according to the prefen-ed 

embodiment of the present invention. 

^FlJ.!?slld^^rS^^^^^ 

SfsSrshlTngadriveelectrical circuit ofaservomotorwhich is includedi 

aSofding 0 the preferred embodiment of the present invention when the system is not operating. 

fS 6 is a figure Showing this drive electrical circuit of the servo motor included in the accelerator pedal dev«e 

flrrnrdinn to the Dreferred embodiment of the present invention when the system is operating. 

is afCch'alh^^^ processing flow of an accelerator pedal reaction force control program according 
to the preferred embodiment of the present invention. 

FIG 8 is a flQure showing variation of the future speed of the vehicle in front of the subject vehicle. 

fIg. 9 !s a figure sholg the operation of the reaction force control device according to the preferred embodiment 

SriSTsTig^rshTwing the operation of a difTerent reaction force control device according to the preferred 

TT::':^::^ T':!Zns^ between accelerator pedal stroKe and pedal reaction force, with this 

nil dJvice aio^^^^^^^ to the preferred embodiment of the present invention when the system is operating. 
fS sTs TfS^re sho^^^^^^ of the acceterator pedal reaction force characteristic of the acce^r^or 

pLdal dJvii acSI^ording to L preferred embodiment of the present invention when the system « not operating. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0007] in the following, the preferred embodiment of the accelerator pedal device according to the present invention 

TooO^Tg": isTsyl'm^tJoVkS^^^ LfT^re'Sdlon force control device 1 which comprises an accelerator pedal 
E according t^ S preferred embodiment of the present invention, while FIG. 2 is a structural view of a vehicle 
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which is equipped with this reaction force control device 1 . 

[0009] First, the structure of the reaction force control device 1 will be explained. A laser radar 1 0 is fixed to a grille 
portion or to a bunnper portion or the like at the front of the vehicle, and emits and scans pulses of infrared light in the 
horizontal direction. Each of a plurality of reflective objects in front of the vehicle (nonnally the rear end of another 

5 vehicle In front) reflects back the Infrared rays in these infrared light pulses, and the laser radar 10 measures these 
reflected waves and detects the distance to the vehicle in front (the distance between vehicles) and its relative speed 
based upon the arrival time of the reflected waves. The distance between vehicles and the relative speed which are 
thus detected are outputted from the laser radar 1 0 to a controller 50. The region in front of the vehicle which is scanned 
by the laser radar 1 0 is the region about ±6** on either side of the longitudinal line of the vehicle, and any object which 

10 is present in front of the vehicle in this region is detected in this manner. And a vehicle speed sensor 20 detects the 
running speed of the subject vehicle from the rotational speed of a wheel thereof or the like, and outputs this running 
speed to the controller 50. The subject vehicle means a vehicle to be controlled with the reaction force control. 
[0010] The controller 50 calculates the degree of proximity to the vehicle in front which is running in front of the 
subject vehicle from the speed of the subject vehicle which are inputted from the vehicle speed sensor 20 and the 

15 distance between vehicles and the relative speed which are Inputted from the laser radar 1 0, and estimates the current 
running situation of the subject vehicle. This running situation includes the state of the subject vehicle itself and the 
environmental slate surrounding the subject vehicle. Furthermore it estimates how this running situation will change 
in the future, and outputs a reaction force command value to an accelerator pedal reaction force control device 60. ^ 
[0011] The acceleialor podal reaction force control device 60 controls the torque which is generated by a servo motor j 

20 70 which controls the Hccclerator pedal reaction force, according to the amount of actuation of the accelerator pedal 
80 which IS delcciea by a stroke sensor 71 . According to the command value of the accelerator pedal reaction force 
control device 60. the torque which is generated by the servo motor 70 can be controlled, so that the reaction force 
which is generated when tne driver actuates the accelerator pedal 80 can be controlled as desired. 
[0012] FIGS. 3A and 4 arc respectively an elevation view and a side view showing the structure of the accelerator 

25 pedal device according to this preferred embodiment of the present invention. The accelerator pedal 80 comprises a 
pedal 80 to which the driver applies foot pressure, and a lever 82 which supports this pedal 81 . The lever 82 is rotatably 
supported via a bearing 84 upon a base plate 83 which is fixed to the vehicle body. The one end of a tension spring 
85 is linked to the lever 82 via a bracket 86, and the other end of this tension spring 85 is linked to the vehicle body 
via a bracket 88. The spring force of this tension spring 85, which corresponds to the amount of actuation of the 

30 accelerator pedal 80, acts upon the accelerator pedal 80 as a reaction force. The stroke sensor 71 is, for example, an 
angular sensor which detects the amount of rotation of a rotational shaft 82a, and which detects the stroke S of the 
accelerator pedal 80 based upon this detected value. The stroke S of the accelerator pedal 80 corresponds to the 
amount of actuation of the accelerator pedal 80. 

[0013] The rotational shaft 82a of the lever 82 is linked to the output shaft 70a of the servo motor 70 via a planetary 
35 speed reduction mechanism 87. In other words, a carrier 87d is integrally provided upon the tip of the rotational shaft 
82a, and three planetary gears 87a are supported upon this carrier 87d so as to be rotatable. Along with a ring gear 
87b which is provided so as not to be rotatable being meshed with these planetary gears 87a, they are also meshed 
with a sun gear 87c which is integrally fomned upon the output shaft 70 of the motor 70 (refer to the cross sectional 
view b-b of FIG. 3B). Accordingly, it is also possible for the torque of the servo motor 70 to act upon the accelerator 
40 pedal 80 as a reaction force. In addition to the spring reaction force due to the tension spring 85. Here, the tension 
spring 85 and the servo motor 70 constitute a reaction force application means. 

[0014] A drive circuit for the servo motor 70 is shown in FIGS. 5 and 6. An electric current control circuit 72 is con- 
nected to the servo motor 70 via an operation changeover relay 73. This current control circuit 72 outputs an electrical 
current i according to the command value of the accelerator pedal reaction force control device 60. An ON signal is 

45 outputted from the accelerator pedal reaction force control device 60 to the coll of the operation changeover relay 73 
when the system Is operating, while an OFF signal is outputted thereto when the system is not operating. The relay 
contact points 73a and 73b are opened and closed by this ON/OFF signal, so that the characteristic of the reaction 
force F with respect to the stroke S of the accelerator pedal 80 is changed over between a first characteristic and a 
second characteristic which will be explained hereinafter. It should be understood that this operation changeover relay 

50 73 constitutes a selection means. 

[001 5] Next, the operation of this reaction force control device 1 according to the preferred embodiment of the present 
invention will be explained. The summary of this operation is as follows. 

[0016] The controller 50 recognizes the running situation or state such as the distance between vehicles (the distance 
to the vehicle in front of the subject vehicle), their relative speed, and the running vehicle speed of the subject vehicle, 
55 and, based upon this running situation, calculates the present degree of proximity to the vehicle in front (a first risk 
level), and the degree of influence upon the subject vehicle due to the trend of the future movement of the vehicle In 
front as predicted from the present (a second risk level) . Furthermore, the controller 60 predicts the future running 
situation or state (a risk potential RP) from the degree of proximity and the predicted degree of influence which have 

{ 
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thus been calculated, calculates an accelerator pedal reaction force command value AF based upon this risk Potential 
RP, and outputs this command value AF to the accelerator pedal reaction force control device 60. The accelerator 
pedal reaction force control device 60 controls the servo motor 70 according to this command value AF. and thereby 
the strolte reaction force characteristic of the accelerator pedal 80 is changed. ,«=^ti«n force 

5 [00171 For example, with the stroke S - pedal reaction force F characteristic as shown m FIG. 11 , the reaction force 
characteristic in the normal state, in other words when the accelerator pedal reaction force control is not being performed 
by the reaction force control device 1 (i.e. when the system is not operating), is endowed with a hysteresis v^hen the 
accelerator pedal 80 is stepped upon and is released, as shown by the dotted portion in the figure. Due to this, it s 
possible to keep the pedal stroke S constant even if the force by which the pedal is stepped upon vanes by a certain 
10 amount, so that the maintainability of the pedal stroke S is enhanced. .... , .^t^. n^H=.i 

[0018] On the other hand, during reaction force control (i.e. when the system is operating) an accelerator peda 
reaction force F is generated which is increased over the reaction force characteristic during the norrrial state by ust 
the accelerator pedal reaction force command value AF. Due to this, the reaction force F of the f° 
comes to be determined according to the risk potential RP, and it is possible to cause the present and ^^e future 
predicted runnlngsituation of thevehicletobe recognised by thedriverofthevehicle via this accelerator peda^^^^^ 

force F. In this case, in order for the risk to be accurately sensed by the driver, it is desirable for the system to be 
endowedwithastraightlinecharacteristtewlthnohysteresis, asshownlnFIG. 12. . ^ ^ 

r0019l In the following, the manner in which the accelerator pedal reaction force command value is determined when 
the accelerator pedal reaction force control is being performed will be explained with reference to the flow chart shown 
in FIG 7 It should be understood that FIG. 7 is a flow chart showing the processing flow of an accelerator pedal 
reaction force control program which is performed by the controller 50. The steps of this procedure are perfomied 
repeatedly in sequence at a fixed time inten/al (for example 50 msec). 

- The processing flow of the controller 50 (FIG. 7) - 

[0020] First in the step S1 1 0 the vehicle running state, comprising the speed Vf of the subject vehicle, the distance 
D between vehicles to the vehicle in front, the relative speed Vr, and the speed of the vehicle in front Va. as detected 
bv the laser radar 10 and the vehicle speed sensor 20, are read in. . „, 

100211 In the next step S120, based upon this vehicle running state which has been read in, the present degree of 
30 proxirnity to the vehicle in front and the predicted degree of influence upon the subject vehicle due to change in the 
surrounding environment from now on are calculated. Here, a time to contact between vehicles TTC is calcu^ 
the degreeofproximity to thevehiclein front, whileatime headway between vehiclesTHW IS calculated as thepred.^^^^ 

degree of influence. The time to contact between vehicles TTC may be referred to as a clearance time period between 
vehicles and the time headway between vehicles THW may be referred to as a time penod between >'^h"c es Jn the 
following, this calculation of the time to contact between vehicles TTC and the time headway between vehicles THW 

ro022] ^ TheTr^e to contact between vehicles TTC is a physical quantity that gives the current degree of proximity of 
the subject vehicle with respect to the vehicle in front. This time to contact between vehicles TTC .s a value wh|ch 
gives whether or not, after a few seconds, if the present running situation is maintained, in other words the subject 
vehicle speed Vf , the speed of the vehfcle in front Va, and the relative vehicle speed Vr remain constant, the d stance 
between vehicles D will become zero and the subject vehicle and the vehkDie whteh is running in front of will come 
into mutual contact; and it is obtained according to the following Equation (1): 

Time to contact between vehicles TTC = D / Vr (Equation 1) 

[0023] The smaller is the value of the time to contact between vehicles TTC. the more acute is the contact with the 
vehicle in front, and this means that the degree of proximity to the vehicle in front is great. For example when the 
subject vehicle approaches towards the vehicle in front, it is known that almost every driver will have started to perfom, 
deceleration operation before the time to contact between vehteles TTC becomes less than 4 seconds. Atthou-h, ,n 
this manner, the time to contact between vehicles TTC is a quantity which exerts a great influence upon the =ng 
performance of the driver, it is difficult to express the risk which the driver feels with respect to contact with the ■ 2le 
in front only by this time to contact between vehicles TTC. .... * . u- » 

[0024] For example, if the subject vehicle is running so as just to track after the vehicle in front without catching rt 
up then its relative vehicle speed Vr with respect to the vehicle in front is 0, and the time to contact between vehicles 
TTC is infinitev large. However in this case the risk which the driver feels is different if the distance between vehicles 
D is long or if it is short, and in fact the driver feels that the risk is the greater, the shorter is the distance between 
vehicles D. This is considered to be because the driver predicts the amount of Influence upon the time to contact 
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between vehicles TTC which will be caused by the variation In the future of the vehicle speed of the vehicle in front 
which he hypothesizes, and feels the risk to be the greater, If he recognizes that this Influence is large. 
[0025] Furthermore, with the time to contact between vehicles TTC which has been calculated according to Equation 
(1 ), it has been supposed that the relative speed Vr is constant, but actually there is a possibility that after At seconds 

5 the relative speed Vr will have changed. For example, it is not of course possible to predict the running speed Va of 
the subject vehicle accurately after At seconds, but It Is possible to predict that it will be endowed with some deviation 
such as that shown In FIG. 8. Here, when the vehicle running speed V2 after At seconds has become slower than the 
current vehicle running speed V1 , along with this the relative vehicle speed Vr changes, and the time to contact between 
vehicles TTC after At seconds has a smaller value as compared with what would be the case if the relative vehicle 

10 speed Vr remained constant, so that the risk as felt by the driver is higher. However, it is difficult to determine this from 
the time to contact between vehicles TTC which has been calculated based upon the current relative vehicle speed Vr 
[0026] Thus, apart from the time to contact between vehicles TTC, if the subject vehicle is running so as just to track 
after the vehicle in front, the degree of Influence upon the time to contact between vehicles TTC due to variation of the 
future vehicle speed of the vehicle in front which Is hypothesized, in other words the degree of influence when it has 

15 been assumed that the relative vehicle speed Vr changes, is calculated. As the physical quantity which expresses the 
predicted degree of influence upon the time to contact between vehicles TTC, the time headway between vehicles 
THW which is given by one or the other of the following Equations (2) and (3) Is used: 

Time headway between vehicles THW = D / Va (Equation 2) 



Time headway between vehicles THW = D / Vf (Equation 3) 

25 [0027] This time headway between vehicles THW is the distance between vehicles D divided by the running speed 
of the vehicle In front Va or by the speed Vf of the subject vehicle Vf , and it represents the time period until the subject 
vehicle arrives at the current position of the vehicle in front. The greater is this time headway between vehicles THW, 
the smaller does the predicted degree of influence with respect to changes of the surrounding environment become. 
In other words, if the time headway between vehicles THW is great, even if in the future the vehicle speed of the vehicle 

30 in front changes, this will not exert a great influence upon the degree of proximity of the subject vehicle to the vehicle 
in front, so that the time to contact between vehicles TTC will not exhibit any very great change. 
[0028] It should be understood that, since the time headway between vehicles THW is a value which expresses the 
degree of influence due to changes of the vehicle speed of the vehicle In front in the future, Equation (2) which uses 
the running speed Va of the vehicle in front is in better accordance with the risk which is experienced by the driver, 

35 than Equation (3) which uses the running speed of the subject vehicle Vf. However, since the running speed Va of the 
vehicle In front is calculated from the speed of the subject vehicle Vf and the relative vehicle speed Vr, accordingly it 
is possible to calculate the time headway between vehicles THW more accurately from Equation (2) which uses the 
subject vehicle speed Vf , which is detected with high accuracy by the vehicle speed sensor 20. It should be understood 
that, if the subject vehicle is running so as just to track after the vehicle in front, then Equation (2) is the same as 

40 Equation (3), since the subject vehicle speed Vf is equal to the running speed Va of the vehicle in front. 

[0029] In the step S120 above, the time to contact between vehicles TTC and the time headway between vehicles 
THW are calculated. Next, in the step S130, the predicted future situation (the risk potential RP) is calculated based 
upon the time to contact between vehicles TTC and the time headway between vehicles THW which have thus been 
calculated in the step S120. This risk potential RP is given by the following Equation (4), and is a physical quantity 

45 which is given continuously as the sum of the degree of proximity to the vehicle in front (1/TTC) and the predicted 
degree of influence upon the future situation (1/THW), as adjusted by certain coefficients. 

RP = a/THW + b/TTC (Equation 4) 

50 

[0030] It should be understood that a and b are respective parameters for appropriately weighting the degree of 
proximity and the predicted degree of influence, and they are suitably set, with a<b. It is desirable for the values of a 
and b to be estimated from statistics relating to the time headway between vehicles THW and the time to contact 
between vehicles TTC, and they may, for example, be set to values around a=1 and b=8. 
55 [0031] It should be understood that, as will be understood from the above described Equations (1 ) through (3), the 
time to contact between vehicles TTC Is the risk level regarding how many seconds the subject vehicle will take to 
come into contact with the vehicle in front , when it is assumed that the relative speed Vr between the vehicle in front 
and the subject vehicle is constant, while the time headway between vehicles THW is the risk level regarding how 
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AF = K»RP 



(Equation 5) 



tn^«i^'?n th» «t.n S1 30 described above the value of the risk potential RP was calculated by weighting the present 
[0038] n '^^^''^f'^^^^^.^^^^^^^^^^ of influence (1 ^THW) individually and adding together with them 
degree Of p« ^Y^^^T^^l rpoX to obtain the risk pLntlal RP continuously even if the present degree 

orpToStt^ip^s*:^^^^^^^ 
roiergrcSrrrr^^^^^^^ 

55 ^o"^S'^tto^brntLoodthattheriskpote 

RP = max{amiW,bm-C} (Equations) 
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[0040] In this case, as shown in Equation (6), the value of the maximum one among the degree of proximity (the 
reciprocal of TTC) to the vehicle in front and the predicted degree of influence (the reciprocal of THW) in the future 
state is selected as the value of the risk potential RP. It should be understood that a and b are parameters for weighting 
the degree of proximity and the predicted degree of influence respectively, and, for example, they may be appropriately 
5 set to around a=1 and b=8, with a<b. By doing this, it is possible to correspond to continuous change of the situation 
from tracking after the vehicle in front until approaching to the vehicle in front, and it is possible to express the degree 
of proximity In these circumstances. 

[0041] In FIG. 10, the risk potential RP which is calculated from Equation (6) is shown, in a planar chart of the time 
headway between vehicles THW against the reciprocal of the time to contact between vehicles (1/TTC), as each line 

10 has each valueofthe risk potential RP- In FIG. 10, just as in FIG. 9, the time headway between vehicles THW is shown 
along the horizontal axis, and the reciprocal (1/TTC) of the time to contact between vehicles TTC is shown along the 
vertical axis. As shown in FIG. 9, when calculating the risk potential RP using the above described Equation (4), at 
times such as when the relative speed Vr Is negative so that the vehicle in front is moving faster than the subject vehicle 
and is getting farther away from it, even if the time headway between vehicles THW has the same value, the risk 

?5 potential RP becomes extremely small. Along with this, the accelerator pedal reaction force command value AF also 
undesirably becomes extremely small. 

[0042] On the other hand, in the value of the risk potential RP which has been calculated using Equation (6), the 
greater one of the present degree of proximity to the vehicle in front (1/TTC) and the predicted degree of influence 
(1/THW) in the future is selected. Due to this, even if the degree of proximity (1/TTC) is negative, in other words even 

20 if the relative vehicle speed is negative, the value of the risk potential RP does not drop below a predetemnined value 
which is detemiined by the time headway between vehicles THW, as shown in FIG. 10. It should be understood that 
the time headway between vehicles THW is the time period for the subject vehicle to arrive at the current position of 
the vehicle in front, so that it can never have a negative value. Due to this, when the risk potential RP is calculated by 
using the above Equation (6) , it is possible to prevent sudden change of the value of the risk potential RP, which would 

25 cause an undesirable sudden change of the accelerator pedal reaction force. 

[0043] With this reaction force control device 1 according to this preferred embodiment of the present invention, the 
present degree of proximity to the vehicle in front (the time to contact between vehicles TTC) and the degree of influence 
due to change of the surrounding environment of the vehicle which is predicted for the future (thetime headway between 
vehicles THW) are calculated, and these are added together with individual weightings in order to calculate the risk 

30 potential RP. And, by additionally applying a force which is proportional to this risk potential RP to the accelerator pedal 
reaction force, it becomes possible to control the reaction force of the accelerator pedal based upon a value which is 
close to the risk level which is actually felt by the driver of the vehicle. If the present degree of proximity to the vehicle 
in front is great (i.e. if the time to contact between vehicles TTC is small), or if the degree of influence for the future 
which is predicted is great (i.e. if thetime headway between vehicles THW is small), then the risk potential RP becomes 

35 great, and a great accelerator pedal reaction force is generated in proportion to this relatively great risk potential RP. 
Due to this, when the degree of proximity to the vehicle in front is great so that the risk potential RP Is great, the driver, 
who is stepping down upon the accelerator pedal 80, is Induced towards releasing the accelerator pedal 80. 
[0044] In concrete terms, by increasing the accelerator pedal reaction force, the driver is caused to recognize from 
this increased amount of reaction force the fact that the risk potential has increased, and by his own decision he is 

40 enabled to actuate (to release) the accelerator pedal to a satisfactory state. Furthennore, by increasing the accelerator 
pedal reaction force, the foot of the driver who is stepping down upon the accelerator pedal is naturally returned towards 
the release side, so that It is led towards a more satisfactory state, even though the driver does not particularly notice 
this fact. Yet further, since, by Increasing the accelerator pedal reaction force, the necessary stepping upon force which 
Is required when further stepping down upon the accelerator pedal from its current state of depression becomes greater. 

45 accordingly it is possible to restrain the driver from increasing the speed of the subject vehicle by further stepping down 
upon the accelerator pedal, so that it is possible to suppress further reduction of the distance between vehicles to the 
vehicle in front. 

[0045] Moreover, if the accelerator pedal reaction force command value AF Is determined based upon the risk po- 
tential RP which has been calculated using Equation (4), the risk potential RP changes continuously as shown in FIG. 

so 9. Due to this, it is possible to cause the driver to recognize the vehicle running situation which corresponds to the 
degree of proximity 1/TTC to the vehicle In front and to the time headway between vehicles THW, via the accelerator 
pedal reaction force which Is continuously transmitted to him. Furthermore, if the risk potential RP Is calculated using 
Equation (6), the risk potential changes as shown in FIG. 1 0. Due to this, even If the vehicle in front accelerates away 
from the subject vehicle so that the degree of proximity 1/TTC becomes extremely small, it is still possible to perform 

55 accelerator pedal reaction force control in a stabilized manner, since the risk potential RP never changes abruptly. 

[0046] Yet further, since the time to contact between vehicles TTC and the time headway between vehicles THW 
can be calculated using physical quantities which are each comparatively easy to calculate, such as the subject vehicle 
speed Vf . the speed of the vehicle in front Va, the distance between vehicles D, and the like, accordingly it Is possible 
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Siir Ne^tl^TdLtr Of the operation of the accelerator pedal device accordir,g to this preferred embodiment of 
the present invention will be explained. 

ThflfserTadaMO o?thTs"ubiect vehicle detects the vehicle In front, and the reaction force control system 
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spring reaction force (the characteristic f2), and the pedal reaction force F is increased as shown by the arrow sign. 
On the other hand, when at the time point a In FIG. 1 3 the accelerator pedal 80 is released, the return of the accelerator 
pedal 80 is checked by the viscous force, and the pedal reaction force F diminishes as shown by the arrow sign. By 
generating hysteresis in the pedal reaction force F in this manner, it is possible to maintain the pedal stroke amount S 
5 constant even if the force with which the accelerator pedal 80 is stepped upon varies a little, and the driver is able 
easily to perfomn adjustment of the speed of the vehicle. 

[0049] If a breakdown has occurred in the reaction force control system (for example, if one of the signal lines has 
broken), the supply of operating electrical current to the coil of the operation changeover relay 73 is interrupted. Since 
due to this the reaction force characteristic becomes one which is endowed with hysteresis, it becomes easy for the 
10 driver to adjust the stroke of the accelerator pedal 80, so that the actuatability is good. It would also be possible, for 
example, for a signal to be inputted into the operation changeover relay 73 from a failure diagnose device not shown 
in the figure, and for this failure diagnose device to interrupt the supply of operating electrical current to the coil of the 
operation changeover relay 73 if it should detect a failure or a malfunction. 

[0050] With the accelerator pedal device of the preferred embodiment of the present invention as described above, 
15 the following beneficial effects are obtained. 

(1 ) The operation changeover relay 73 of the servo motor 70 is changed over according to whether the reaction 
force control system is operating or is not operating; and, when the system is operating (for example when a vehicle 
is present in front of the subject vehicle) , the torque of the servo motor 70 is controlled, while, when the system 
is not operating (for example when no vehicle is present in front of the subject vehicle), no such torque control is 
perfomied, and the servo motor 70 is set so as to perform self-induction. By doing this, it is possible to apply 
reaction force to the accelerator pedal in two different patterns, and the management of these patterns is easy. In 
other words, it is possible to apply reaction force selectively either with a characteristic in which hysteresis is absent 
or is only present to a small degree, or with a characteristic which is endowed with substantial hysteresis, so that, 
by applying such reaction force properly according to circumstances, the convenience of use can be enhanced. 

(2) Since the tension spring 85 and the servo motor 70 are linked to the accelerator pedal 80, and it is arranged 
to apply the spring reaction force and the motor torque reaction force to the accelerator pedal 80, thereby, along 
with it being possible to apply by such motor torque control a pedal reaction force AF which corresponds to the 
risk potential, it is also possible to apply a pedal reaction force so as to generate hysteresis by taking the spring 
reaction force as a reference. 

(3) Since the reaction force is applied to the accelerator pedal 80 using the servo motor 70, it is possible to perform 
the reaction force control accurately. 

(4) Since the output shaft 70a of the servo motor 70 and the rotational shaft 82a of the accelerator pedal 80 are 
arranged almost coaxially via the planetary speed reduction mechanism 87, it is possible to reduce the mechanical 
loss in the gears, and it is possible to suppress the generation of hysteresis during reaction force control. 

(5) Since it is arranged to perfomn electrical current control of the servo motor 70 during operation of the system, 
while when the system is not operating both the temriinals of the servo motor 70 are short circuited together, 
accordingly, although electrical current control of the servo motor 70 is not perfonned when the system is not 
operating, it is possible easily to provide a hysteresis characteristic. 

(6) Since the tension spring 85 is used as a return spring for the accelerator pedal 80, the frictional force is reduced 
as compared with the case of use of a torsion spring, so that it is possible to suppress the generation of hysteresis 
by the retum spring itself during reaction force control. 

[0051] The accelerator pedal device according to the present Invention is not to be considered as being limited to 
45 the above described preferred embodiment; various modifications are possible. For example, although in the above 
description a reaction force characteristic having hysteresis when the system was not operating was provided by self- 
induction of the servo motor 70, it would also be possible to provide such a hysteresis characteristic by a signal from 
the electrical current control circuit 72. In such a case, it is desirable to calculate the speed of the actuation of the 
accelerator pedal 80 by time differentiation of its actuation as detected by the stroke sensor 71 , and to control the 
50 torque of the servo motor 70 so as to apply a reaction force which is proportional to this calculated actuation speed. 
[0052] Moreover, although in the shown preferred embodiment of the present invention the reaction force was applied 
to the accelerator pedal 80 by the use of the servo motor 70, it would also be possible to apply such a reaction force 
by the use of some other type of actuator, provided that it was one which could adjust the applied reaction force as 
desired. Furthermore, although in the shown preferred embodiment it was arranged during system operation to perform 
55 reaction force control according to the risk potential, it would also be possible to apply some type of control otherthan 
one according to the risk potential to the accelerator pedal device of the present invention to some other type of control, 
provided that it was one in which reaction force control was to be performed according to the vehicle operational state 
or the running environment in the surroundings of the vehicle. Yet further, although during reaction force control it is 
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a spring member which had some other structure. cHonhr^.mh tho qIpd S133 in FIG 

[00531 in the above described embodiment, it is selected by execut.ngthe step S1 31 ^»^™"fj^ ^^.^^ owL^^ 

,«odi™.« ^ o>«r^. var^u. ^mc^ can made w»«ou, dapa^., 

from the spirit and scope Of the invention. . . ^ . ■ ^ ^rot^n hw r*.f<.rpnce- 

r00551 The disclosure of the following priority application is herein incorporated by reference. 
[0056] Japanese Patent Application No. 2002-1 80005 filed June 20, 2002. 
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Claims 

1 . An accelerator pedal device, comprising: 

rStr^CSn means (60.70.B5) for applying a reaction force to the a-lerator peda. (80) and 
a se^ec^n means (60,73) for selecting a characteristic between a first characteristic ^'^''^^'"f ° 
^ituJttor^ Tf rtubUt vehicle and a second characteristic specified regardless of the running situation of the 
sSrvehtele Sr^^ and the second characteristic each being a characteristic ind.ca.ng a 

relSS beh^een an amount of stepping upon of the accelerator pedal (80) and the reaction force to be 
applied, 

"""'te reaction force application means (60,70.85) appliesthe reaction force to the accelerator pedal (80) based 
30 upon the characteristic selected by the selection means (60,73). 

2. An accelerator pedal device according to Claim 1 , 
wherein: 

the selection means (60.73) selects a characteristic between the first characteristic and the second charac- 
teristic based upon the running situation of the subject vehicle. 

3. An accelerator pedal device according to any one of Claims 1 -2, wherein: 

thefirstcharacteristicisacharacteristictoapp^thereactionforcewithsubstantiallynohysteresiscorrespond- 
inn to the amount of stepping upon of the accelerator pedal (80); and 

Ihe second criSeristte'is 'a characteristic to apply the reaction force with hysteresis corresponding to the 
amount of stepping upon of the accelerator pedal (80). 

An accelerator pedal device according to any one of Claims 1 -3, wherein: 



45 



the first Characteristic is a characteristic in which a reaction force specified according to the running situation 
of the subject vehicle is added to a reaction force according to the second characteristic. 



50 5. An accelerator pedal device according to Claim 4, 
wherein: 



55 



the reaction force application means (60,70.85) calculates, based upon the running situation of the subject 
vehicle degree of proximity to a vehicle in front at the present time and a degree of mfluence upon he 
subS vehicfe due to a trend of movement of the vehicle in front predicted in the future, and ^'cu^^tes the 
reaSn force to be added to the reaction force according to the second characteristic based upon the calcu- 
lated degree of proximity and the degree of influence. 
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6. An accelerator pedal device according to Claim 3, 
wherein: 

the second characteristic is specified so that a reaction force to be applied when the amount of stepping upon 
5 of the accelerator pedal (80) start to become greater at a predetermined amount of stepping upon of the 

accelerator pedal (80) is greater than a reaction force to be applied when the amount of stepping upon of the 
accelerator pedal (80) become smaller at the predetemnined amount of stepping upon of the accelerator pedal 
(80). 

10 7. An accelerator pedal device according to any one of Claims 1-7, wherein the reaction force application means 
(60,70,85) comprises: 

a spring member (85) that applies a first reaction force corresponding to the amount of stepping upon the 
accelerator pedal (80); and 

75 an actuator means (70) for applying a second reaction force additionally to the first reaction force by the spring 

member (85) according to the running situation of the subject vehicle when the first characteristic is selected, 
and applies a third reaction force in a hysteresis manner additionally to the first reaction force by the spring 
member (85) when the second characteristic is selected. 

20 8. An accelerator pedal device according to Claim 7, 
wherein: 

the accelerator pedal (80) is rotatable around a rotational shaft (82a); and 

the actuator means (70) is a servo motor that applies a torque reaction force to the rotational shaft (82a) of 
25 the accelerator pedal (80). 

9. An accelerator pedal device according to Claim 8, 
wherein: 

30 an output shaft of the servo motor and the rotational shaft (82a) of the accelerator pedal (80) are arranged via 

a gear mechanism, as being substantially coaxial. 

10. An accelerator pedal device according to Claim 8 or Claim 9, wherein: 

35 the selection means (60,73) outputs a control electrical current to the servo motor according to the running 

situation of the subject vehicle when the first characteristic is selected, and substantially shorts both terminals 
of the servo motor when the second characteristic is selected. 



40 



11. An accelerator pedal device according to any one of Claims 7 through 10, wherein: 

the spring member (85) is a tension spring whose one end is linked to the accelerator pedal (80), while its 
other end is linked to a body of the vehicle. 
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FIG. 2 
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